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Abstract
Oxytocin is one of the most potent uterotonic agents
and is known to fluctuate throughout the menstrual
cycle, showing an increase during sexual stimulation
and arousal, with a peak during orgasm in women. To
date, limited data are available on the effects of oxy-
tocin on the regulation of uterine contractility and
transport mechanisms in human reproduction. The
goal of this study was to evaluate the effects of oxy-
tocin on uterine contractility and peristalsis in estro-
gen-primed non-pregnant uteri. In an extracorporeal
perfusion model of the swine uterus the effect of dy-
namic changes in uterine contractility and peristalsis in
response to oxytocin and estrogen administration was
observed. Spontaneous uterine contractility and oxy-
tocin-induced uterine contractility and peristalsis with
and without estrogen perfusion were assessed using an
intrauterine double-chip microcatheter. Spontaneous
peristalsis and oxytocin induced contraction waves
without estrogen perfusion resulted in a slightly higher
intrauterine pressure in the isthmus uteri in compari-
son with the corpus uteri, while the peristaltic waves
were seen to start mostly in the corpus uteri, moving
in the direction of the cervix. While after estrogen per-
fusion oxytocin produced a significant increase in in-
trauterine pressure in the isthmus uteri compared to
the corpus uteri, and 80% of the peristaltic waves
started in the isthmus uteri, moving in the direction of
the corpus uteri. This observation strengthens the
view that oxytocin is able to support directed trans-
port mechanism in the female genital tract only in the
presence of estrogens. The biological role of oxytocin
increase during sexual stimulation and arousal with a
peak during orgasm for the mechanisms of reproduc-
tion may be to stimulate directed uterine transport
mechanisms in the presence of estrogens.
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INTRODUCTION

Oxytocin levels fluctuate throughout the menstrual cy-
cle and correlate with genital lubrication in women;
they are therefore believed to play a role in the periph-
eral activation of sexual function [1]. The suppression
of endogenous oxytocin activity in women affects the
ovulatory cycle [2]. Evans et al. [2] have also demon-
strated a biological correlation between oxytocin and

the physiological processes of luteinizing hormone
(LH) regulation in animal models. Recently, Benous-
saidh et al. [3] reported that in rats, oxytocin modu-
lates the activity of the uterus in a cycle-dependent
fashion. Oxytocin is one of the most potent uterotonic
agents and exerts a wide spectrum of central and pe-
ripheral physiological effects. It is used clinically to in-
duce labor at term [4, 5]. Oxytocin also plays a role in
the initiation and maintenance of successful lactation
in humans and is involved in milk ejection from the
mammary glands [6-9]. Several studies have shown
that oxytocin levels increase during sexual stimulation
and arousal, with a peak during orgasm, in women and
in men [7, 10-13]. 

The orgasm-related increases in oxytocin levels in
the presence of estrogens may play an important role
on directed transport mechanisms in the female geni-
tal tract. Adequate uterine contractility is involved in
the transport of semen and gametes and in successful
embryo implantation, while inadequate uterine con-
tractility may lead to ectopic pregnancies, miscarriages,
retrograde bleeding, and endometriosis [14-16]. Nor-
mally, uterine contraction waves show the highest fre-
quencies and amplitudes with cervicofundic peristalsis
during the periovulatory phase, when estrogen is the
dominating hormone [17-18]. In women with intact
periovulatory uterotubal transport function as assessed
by hysterosalpingoszintigraphy (HSSG), the pregnancy
rate achieved spontaneously or by intrauterine insemi-
nation was found to be significantly higher than in
women with a negative transport assessment [19-20].
This periovulatory cervicofundic peristalsis has been
described as “rapid sperm transport” to the side bear-
ing the dominant follicle, which is a precondition for
successful reproduction in humans [19-22].

The original extracorporeal perfusion model of an
isolated uterus was first described by Bulletti et al.
[23]. Previous investigations validated the feasibility of
this perfusion model of isolated uteri for various pur-
poses [24-36]. This perfusion model is able to keep the
swine uterus in a functional condition and is suitable
for the study of physiological questions [34-36]. This
experimental system can detect intrauterine pressure
changes due to mechanical contractions of the organ,
as it maintains the architecture and intercellular rela-
tions of the uterus [37]. The extracorporeal perfusion
model of an isolated non-pregnant swine uterus may
therefore be appropriate for the evaluation of uterine
transport mechanisms due to different test substances.
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The aim of this study was to evaluate the effects of
oxytocin in the presence of estrogens in the regulation
of uterine contractility and peristalsis which serves as a
model for simulation of directed transport mecha-
nisms through the female genital tract. The advantage
of the used animal model is that a large number of
uteri equally in size and condition from young and
healthy animals in their reproductive lifespan could be
tested. Using uteri from young mammalians offers the
possibility to detect definite differences in contraction
peaks between distal and proximal uterus compart-
ments. 

MATERIALS AND METHODS

Swine (Sus scrofa domestica) are widely used in re-
search. The swine uterus is a long bicornuate uterus
with a single corpus and a single cervix. The uterine
wall has a similar architecture to that of humans and
other domestic animals, with the three classical histo-
logical elements of the uterine wall, including en-
dometrium; myometrium which consists of clearly ori-
ented smooth muscle cells; and perimetrium. The en-
dometrium contains many hundreds of glands in a
cross-section of the uterine wall and the myometrium
is clearly differentiated into inner circular and outer
longitudinal layers. The fallopian tubes in the adult fe-
male have the same diameter as those in humans.
However, they are much longer, and the uterine cor-
pus is also longer in comparison with human uteri.
The sow has an estrous cycle of 20–21 days.

Sixty swine uteri were obtained from the local
slaughterhouse. The uteri were selected on the basis of
their size and overall condition, as well as the condi-
tion of the uterine arterial stumps. The mean weight of
the swine uteri was 123 g (range 81.5–161.8 g). They
all came from healthy animals aged 5–18 months.
Swine uteri are very easily separated from the rest of
the body within approximately 2 min shortly after the
animal is killed by electric shock (1.5 A, 400 V, 4 s).

PERFUSION SYSTEM

After catheter placement in the uterine vessels with
16–24-gauge needles (Abbocath-T; Abbott Ireland,
Sligo, Ireland), depending on the uterus size, the organ
was placed in a controlled-temperature perfusion
chamber (Karl Lettenbauer, Erlangen, Germany) filled
with the perfusion medium. The uterus was then con-
nected bilaterally with two reservoirs containing the
perfusion buffer (Krebs–Ringer bicarbonate glucose
buffer, Sigma, Deisenhofen, Germany). The perfusion
medium was oxygenated with carbogen gas (a mixture
of 95% oxygen and 5% carbon dioxide) and then
forced into the uterine arterial catheters with two
roller pumps. The flow rate of the perfusion medium
was constantly monitored and kept at 15 mL/min and
100 mmHg. 

VITALITY PARAMETERS

Perfusate samples were taken at 1-hour intervals for
measurement of pH, PO2, PCO2, HCO3, lactate, and
oxygen saturation. The perfusate samples were ana-

lyzed using an i-STAT portable clinical analyzer (Ab-
bott Diagnostics, Abbott Park, Illinois, USA).

INTRAUTERINE PRESSURE MEASUREMENT

Intrauterine pressure was recorded using an intrauter-
ine double-chip microcatheter (Urobar 8 DS-F,
Raumedic, Muenchberg, Germany) with a distance of
8 cm between the two pressure sensors. One sensor
was placed in the isthmus uteri and the other was
placed in the corpus uteri in the swine uterus. The fal-
lopian tubes and cervix uteri were not closed. The
double-chip microcatheter was connected to a Data-
logger (MPR1, Raumedic, Muenchberg, Germany) for
continuous monitoring of intrauterine pressure at both
locations, with the data being transferred to a personal
computer.

SPONTANEOUS UTERINE CONTRACTIONS

Spontaneous uterine contractions were achieved by
adding calcium chloride (Sigma, Deisenhofen, Ger-
many) to the perfusion medium at a concentration of
500 mg/L.

INDUCTION OF UTERINE CONTRACTIONS

Oxytocin (Syntocinon; Novartis Germany Ltd.,
Nuremberg, Germany) at increasing dosages of 0.1,
0.3, and 1 IU, was used to induce contractions of the
uterus every 15 min until regular uterine contractions
occurred. The medication was administered as bolus
injections through the uterine arterial catheters. 

ESTROGEN PERFUSION

For the estrogen perfusion 17-beta estradiol in a con-
centration of 25 pg/ml and 50 pg/ml was added to the
perfusion medium and uteri were perfused for one
hour before starting oxytocin administration for in-
duction of regular uterine contractions.

STATISTICAL ANALYSIS

A paired t-test was used for statistical evaluation of
pressure increases during uterine contractions in the
isthmus uteri in comparison with the corpus uteri.
Pressure differences between the different concentra-
tions of test substances were evaluated using analysis
of variance (ANOVA). It was also assessed whether
uterine contractions started in the isthmus uteri or in
the corpus uteri. All calculations were performed us-
ing the Statistical Program for the Social Sciences
(SPSS, version 10.1 for Windows; SPSS, Inc., Chicago,
Illinois, USA). P values of less than 0.05 were consid-
ered statistically significant.

RESULTS

The experiments were only carried out when it was
possible to maintain constant flow rates of the perfu-
sion medium of 15 mL/min through each artery, with
an ideal pressure of 100 mmHg, throughout the dura-
tion of the experiments. The vitality parameters re-
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mained physiological during the first 8 hours of perfu-
sion (data not shown; for details, see [34-36]).

Regularly recurring peristaltic waves, with IUP in-
creases in both the corpus uteri and the isthmus uteri,
were achieved in all of the perfused swine uteri. In
general, there was no significant IUP increase during
spontaneous contraction waves and oxytocin induced
contraction waves in the absence of estrogen. The dif-
ference between IUP measured in the isthmus uteri
and corpus uteri was also not significant in both
groups. No directed peristalsis could be observed un-
der these conditions. 

After perfusion with 17-beta estradiol a dose de-
pendent increase in IUP in the isthmus uteri and the
corpus uteri was observed following oxytocin adminis-
tration, respectively. The IUP increase in the isthmus
uteri was statistically significant higher compared to
the corpus uteri in a dose dependent manner (Fig.1).
In addition, 17-beta estradiol perfusion resulted in a
significant increase in peristalsis starting in the isthmus
uteri and moving in the direction of the corpus uteri
(Fig. 2).

DISCUSSION

This study investigated intrauterine pressure gradients
and peristaltic waves during spontaneous contractions,
oxytocin induced contraction waves and the effects of
oxytocin administration after estrogen perfusion of
isolated non-pregnant swine uteri. For the first time,
intrauterine pressure gradients and peristaltic waves

starting in one compartment of the uterus were mea-
sured using a double-chip microcatheter. During spon-
taneous and oxytocin induced uterine contractions no
directed peristalsis or pressure gradients were ob-
served. While in the presence of estrogen oxytocin
was able to generate contractions and peristaltic waves
resulting in a significant increase in IUP in the isthmus
uteri in comparison with the corpus uteri. Further-
more 80 % of the peristaltic waves started in the isth-
mus uteri with a direction toward the corpus uteri. 

These results may be an explanation for the obser-
vations of some clinical studies. In women with intact
periovulatory uterotubal transport function as assessed
by HSSG, the pregnancy rate achieved spontaneously
or by intrauterine insemination was found to be signif-
icantly higher than in women with a negative transport
assessment [19, 20]. This periovulatory cervicofundic
peristalsis has been described as “rapid sperm trans-
port” to the side bearing the dominant follicle, which
is a precondition for successful reproduction in hu-
mans [19-22]. Richter et al. recently described, that es-
trogens are able to increase immunohistochemical re-
activity of myometrial oxytocin receptors and of con-
tractile reactivity of the myometrium in extracorporally
perfused human uteri [28, 30]. 

Therefore oxytocin levels increased during sexual
stimulation and orgasm in the presence of estrogen
may be important for the successful regulation of uter-
ine peristalsis in reproduction. The present results
provide evidence for the concept that oxytocin may
support cervicofundic peristalsis, resulting in a more
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Fig. 1. Increases in intrauterine pressure (IUP),
shown as means and standard deviation (SD). There
were no differences between IUP in the Corpus uteri
compared to isthmus uteri during spontaneous con-
tractions = sp. (P = 0.09), and during oxytocin in-
duced contractions without estrogen perfusion = ox.
(P = 0.1). After perfusion with 25 pg/ml 17-beta
estradiol the IUP increased significant higher in the
isthmus uteri in comparison with corpus uteri after
oxytocin administration (P < 0.001). After perfusion
with 50 pg/ml 17-beta estradiol the IUP increased sig-
nificant higher in the isthmus uteri in comparison
with corpus uteri after oxytocin administration (P <
0.001). (Gray: corpus uteri; black: isthmus uteri. Each
group included 15 perfused uteri.)

Fig. 2. Start of uterine peristalsis in the
corpus uteri and isthmus uteri during
spontaneous and oxytocin induced con-
traction waves in the absence of estro-
gens. After estrogen perfusion (25 pg/ml
and 50 pg/ml) oxytocin was able to in-
duce peristaltic waves starting in the isth-
mus uteri with a direction moving toward
the corpus uteri (Gray: corpus uteri;
black: isthmus uteri. each group included
15 perfused uteri.).



effectively directed sperm transport mechanism from
the cervix to the upper part of the uterus and to the
fallopian tubes [22]. The biological role of orgasm-re-
lated increases in oxytocin levels may therefore not
only be important for sexual desire, but also for the in-
duction of directed sperm transport to the side bear-
ing the dominant follicle. 

But on the other hand, is there really a biological
need for a rapid sperm transport mechanism? There is
evidence that after orgasm, the motility of the human
uterus may be suppressed [38]. This would be likely to
reduce the speed of sperm transport. In addition, the
ejaculate needs time to decoagulate [39]. Human sper-
matozoa are unable to fertilize an ovum immediately
after ejaculation; they require time to undergo a
process called capacitation, and it is only after this
process that the sperm is able to fertilize the ovum
[40]. All of these mechanisms may promote a continu-
ous and measured flow of capacitated spermatozoa to
the fallopian tube; Levin [41] describes this impor-
tance of delayed sperm transport. Orgasm occurs with
vaginal and uterine contractions and may be misinter-
preted as powering rapid sperm transport to facilitate
fertilization, but such fast transport would lead to the
tubal deposition of non capacitated, incompetent sper-
matozoa. Therefore it may be speculated that
prostaglandins contained in the seminal plasma may
also be involved in the regulation of uterine contractil-
ity and thus in the regulation of uterine transport
mechanisms. Prostaglandins may be the counterpart of
oxytocin to tone the oxytocin effects regarding uterine
contractility.

On the basis of the present results, oxytocin caused
greater contractility and directed peristalsis of the
uterus in the presence of estrogens when compared to
oxytocin administration without estrogen perfusion
and compared to spontaneous contractions. This may
support further sperm transport into the fallopian
tube at the time of ovulation when estrogens are the
dominating hormones. Two methods have been used
to assess uterine contractions in vitro and in vivo. The
first involves direct intrauterine pressure measurement
using a single invasive probe that is placed in the uter-
ine cavity [16, 34-36]. However, while this method al-
lows assessment of frequencies and increases in in-
trauterine pressure, it does not provide any informa-
tion about the direction of peristalsis or pressure gra-
dients, as the pressure is assessed at a single location
with a single probe. The second method involves indi-
rect assessment of contraction waves derived from
various forms of visualization of uterine peristalsis
during transvaginal ultrasound examinations or using
ultrafast magnetic resonance imaging [42–45].

Continuous monitoring of intrauterine pressure, us-
ing multiple probes at different locations in the uterine
cavity, may be more useful for evaluating directed uter-
ine peristalsis and pressure gradients that can cause di-
rected transport mechanisms. A double-chip micro-
catheter with two pressure sensors, of the type nor-
mally used for urodynamic examination of the bladder
and urethra, may therefore be appropriate for investi-
gating uterine contractility.

For the in vitro study of uterine transport mecha-
nisms caused by peristaltic contractions and waves and

their regulation, the swine uterus may be useful, as the
swine uterus is more analogous to a muscular tube.
Peristaltic waves are easy to visualize, and these peri-
staltic waves are easy recordable using the intrauterine
microchip catheter [46]. This may be due to the differ-
ences in the uterine cavity, which is more elongated in
the swine uterus than in the human uterus. Delayed
pressure changes may therefore be easier to detect us-
ing intrauterine multichip microcatheters in the swine
uterus. In the case of cervicofundic peristalsis, it can
be expected that the increase in IUP would start first
in the lower part of the uterus (the cervix or isthmus
uteri), with the increase in IUP later becoming de-
tectable in the upper part of the uterus (the corpus or
fundus uteri). In the case of fundocervical peristalsis,
an opposite movement in the IUP can be expected to
develop [47]. 

In fertile women the spontaneous pregnancy rate
should by elevated in women achieving greater sexual
arousal and orgasm compared to women without or-
gasm. But the problem is how to measure sexual
arousal and orgasm levels. On the other hand oxytocin
administration during artificial insemination should
also raise pregnancy rate. But the needed concentra-
tions and application ways are still unknown. 

In summary, oxytocin in the presence of estrogens
modifies uterine contractility in a characteristic way.
Oxytocin appears to stimulate cervicofundic peristal-
sis, leading to a cervicofundic pressure gradient. Physi-
ological observations in conjunction with the data pre-
sented suggest that both oxytocin and estrogen are im-
portant modulators of uterine contractility and trans-
port mechanisms. The exact interactions of the in-
volved mediators managing sperm transport in hu-
mans are still unknown. More knowledge in this field
would enable a clinical application of the mediators to
increase pregnancy rates in infertile couples.
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